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REMARKS 

Favorable reconsideration of this application is respectfully requested in view 
of the following remarks. 

The claims currently pending in this application are Claims 1-18, with Claims 1 
and 8 being the only independent claims. 

Appreciation is expressed to Examiner Chin for the indication that Claims 2-4 
and 16-18 would be allowable if rewritten in independent form. 

By way of this Amendment, Claim 9 has been amended without narrowing the 
claim scope to change the phrase "a steering angle" to -said steering angle — in 
accordance with the Examiner's helpful suggestion. 

The Official Action also indicates that the wording in Claims 3 and 17 is vague 
and indefinite, and contextually unclear. However, upon studying the wording in 
Claims 3 and 17, the Examiner's concern is not fully understood. These claims 
recite that the reference aligning torque setting means sets the reference aligning 
torque by approximating a characteristic of the aligning torque estimated by the 
aligning torque estimation means against the wheel factor provided by the wheel 
factor providing means to a linear characteristic of the reference aligning torque 
which includes at least the origin. That is, a characteristic of the aligning torque 
relative to the wheel factor is approximated to a linear characteristic of the reference 
aligning torque which includes at least the origin. In addition, the reference aligning 
torque setting means sets the reference aligning torque on the basis of this linear 
characteristic of the reference aligning torque. This claim wording is consistent with 
the description at various places in the application. For example, the discussion 
which begins on page 29 of the application and extends to page 30 describes how a 
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characteristic of the aligning torque with respect to the wheel factor is approximated 
to a linear characteristic of the reference aligning torque that includes the origin O, 
with the reference aligning torque being set on the basis of the linear characteristic of 
the reference aligning torque. Other embodiments of the disclosed subject matter 
include related descriptions. 

Thus, it is believed that the wording in Claims 3 and 17 particularly points out 
and distinctly claims the subject matter at issue, and thus complies with the 
requirements of the second paragraph of 35 U.S.C. § 112. In the event the 
Examiner still has concerns regarding the language in Claims 3 and 17, the 
Examiner is kindly asked to contact the undersigned to discuss this issue in more 
detail. For at least the reasons set forth above, withdrawal of the claim rejection 
based on the second paragraph of 35 U.S.C. § 1 12 is respectfully requested. 

The Official Action sets forth a rejection of independent Claims 1 and 8 based 
on the disclosure contained in U.S. Application Publication No. 2002/0011093 to 
Matsuno. That rejection is respectfully traversed for at least the following reasons. 

Independent Claim 1 is directed to an apparatus for estimating a road 
condition for use in a vehicle having steering control means for actuating a device 
mechanically independent of a manually operated steering member to steer each 
wheel. The apparatus comprises reaction torque detection means for detecting a 
reaction torque when at least a wheel of the vehicle is steered by the steering control 
means, aligning torque estimation means for estimating an aligning torque produced 
on the wheel on the basis of the reaction torque detected by the reaction torque 
detection means, wheel factor providing means for providing at least one of wheel 
factors including a side force and a slip angle applied to the wheel, and a grip factor 
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estimation means for estimating a grip factor of at least a tire of the wheel in 
accordance with the relationship between the aligning torque estimated by the 
aligning torque estimation means and the wheel factor provided by the wheel factor 
providing means. 

The other independent claim in* this application, Claim 8, is directed to a 
vehicle motion control apparatus provided with an apparatus for estimating a road 
condition for use in a vehicle having steering control means for actuating a device 
mechanically independent of a manually operated steering member to steer each 
wheel. As set forth in Claim 8, the vehicle motion control apparatus comprises 
reaction torque detection means for detecting a reaction torque when at least a 
wheel of the vehicle is steered by the steering control means, aligning torque 
estimation means for estimating an aligning torque produced on the wheel on the 
basis of the reaction torque detected by the reaction torque detection means, wheel 
factor providing means for providing at least one of wheel factors including a side 
force and a slip angle applied to the wheel, and grip factor estimation means for 
estimating a grip factor of at least a tire of the wheel in accordance with a 
relationship between the aligning torque estimated by the aligning torque estimation 
means and the wheel factor provided by the wheel factor providing means. The 
steering control means steers the wheel to provide a steering angle thereof on the 
basis of the grip factor estimated by the grip factor estimation means. 

Discussing the disclosure in Matsuno, the Official Action notes that Matsuno 
describes a road friction coefficient setting unit 15. This road friction coefficient 
setting unit 15 sets the road friction coefficient in accordance with the Fig. 5 
characteristics map for the road friction coefficient of a front-wheel slip angle and a 
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self-aligning torque. The front wheel slip angle af and the self-aligning torque Tsa 
are determined through experiments or calculations. The Official Action also 
indicates that the road friction coefficient setting unit 15 corresponds to the claimed 
grip factor estimation means which estimates the grip factor of at least a tire of the 
wheel. However, as discussed below in more detail, that is not the case because the 
road friction coefficient m set by the road friction coefficient setting unit 15 is quite 
different from grip factor of the wheel tire that is estimated by the grip factor 
estimation means recited in Claims 1 . and 8 

The coefficient of friction or friction coefficient mentioned in Matsuno is a 
known term. As shown in the excerpt from the Automotive Handbook published by 
Robert Bosch GmbH attached as Appendix 1 , the static coefficient of friction 
between the tires and the road surface, also referred to as the tire-road-interface 
friction coefficient, is determined by the vehicle speed, the condition of the vehicle 
tires and the condition or state of the road surface. The excerpt from the Automotive 
Handbook includes a table identifying the coefficient of static friction for tires on 
various types of road surfaces taking into account variations in the vehicle speed and 
the tire condition. Thus, by way of example, the coefficient of friction (coefficient of 
static friction) |j H f of a new tire on a vehicle traveling at 50 km/h on a road surface 
under dry conditions is 0.85, while the coefficient of friction |j H f of the same tire on a 
vehicle traveling at the same speed on an iced road is 0.1 or less. 

In contrast, as discussed at, for example, lines 21-25 of page 8 of the present 
application and with reference to Figs. 2-4, the term grip factor as used in the 
present application refers to the gripped level of the tire on the road surface in the 
lateral direction of the vehicle tire. The grip factor refers to the level of grip of the 
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vehicle tire against the road surface in the lateral direction. Thus, as shown on the 
attached Appendix 2, it is possible for a vehicle tire to possess a high grip factor on a 
road surface having a relatively low coefficient of friction as indicated at A in the 
graph of attached Appendix 2. Alternatively, it is possible for a vehicle tire to have a 
low grip factor on a road surface possessing a relatively high coefficient of friction as 
indicated at B in the graph of attached Appendix 2. 

By way of example, and with reference once again to the table in attached 
Appendix 1 , the coefficient of friction |j H f of a new tire on a vehicle traveling on an 
iced road surface is 0.1 or less. As noted, this coefficient of friction is based on the 
vehicle speed, the condition of the vehicle tires and the state of the road surface. 
However, in connection with the estimated grip factor, it is the gripped level of the 
vehicle tire that is estimated. Thus, even if the vehicle tire is moving on an iced 
surface, insofar as the vehicle tire is gripped against the iced road surface, the grip 
factor is determined to be "1", indicating an approximately completely gripped 
condition of the tire against the iced road surface. The lower the gripped level of the 
is decreased, the smaller the estimated value for the grip factor. 

Because the grip factor is estimated based on the gripped level of the vehicle 
tire, the grip factor itself can be used as a state variable or control variable for a 
control system. On the other hand, the coefficient of friction itself cannot be used as 
a state variable or a control variable that is directly employed in a control system. 
The coefficient of friction may be used such that the control is changed on the basis 
of the coefficient of friction, or a threshold value or gain is adjusted or modified on 
the basis of the coefficient of friction. 
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Based on at least the foregoing discussion, it is to be understood that the grip 
factor estimated by the grip factor estimating apparatus at issue here is quite 
different from the concept of coefficient of friction set by the road friction coefficient 
setting unit 15 discussed in Matsuno. To better highlight this distinction, Claims 1 
and 8 have been amended to recite that the grip factor indicates the grip level of the 
tire in a lateral direction to the wheel. 

Matsuno describes a road friction coefficient estimating apparatus that is 
designed to estimate the road friction coefficient over a wide driving range while at 
the same time reducing the noise associated with the sensor. Matsuno describes 
estimating the road friction coefficient according to the Fig. 5 characteristics map for 
the road friction coefficient of a front-wheel slip angle and a self-aligning torque. The 
front wheel slip angle and the self-aligning torque are previously determined through 
experiments or calculation. As represented in the Fig. 5 map, when the front wheel 
slip angle is constant, the larger the road friction coefficient results in a larger self- 
aligning torque. The road friction coefficient setting unit 15 is prohibited from setting 
the road friction coefficient when the vehicle speed is very low. This is because the 
steering torque is highly affected and so there is a possibility that precise estimation 
of the road friction coefficient is difficult. Thus, Matsuno is specifically concerned 
with estimating the road friction coefficient based on the self-aligning torque and the 
front-wheel slip angle. However, Matsuno is not at all concerned with estimating the 
grip factor of a vehicle wheel and does not utilize a grip factor estimation means for 
estimating the grip factor of a wheel tire as recited in Claims 1 and 8. Thus, Claims 1 
and 8 cannot be said to be anticipated by the disclosure in Matsuno. 
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The other documents cited in the Official Action are also not concerned with, 
and do not disclose, estimating the grip factor of a wheel tire. For example, 
European Patent Application Publication No. 0 323 066 to Yopp discloses an 
automotive system for dynamically determining road adhesion. The system is 
designed to determine road adhesion independent of tire wear and the type of tire 
employed. As discussed in the second full paragraph of column 1 of Yopp the term 
"road adhesion" refers to the friction developed between the vehicle tire and the road 
surface. The disclosed system determines road adhesion based on the road wheel 
turning angle, the vehicle speed and the steering force. More specifically, Yopp 
describes that data from a vehicle speed measuring device 22, a road wheel turn 
angle measuring device 24 and a steering force measuring device 26 are inputted to 
a CPU 16. This data is then used by the CPU in conjunction with the algorithm 
shown in Fig. 4 to determine the actual road adhesion value. As discussed near the 
top of column 9 of Yopp, the detection of the road adhesion is used to provide a 
warning to the driver. That is, if an extremely low level of road adhesion is 
determined, a driver warning device is activated to advise the driver of the low road 
adhesion condition. Thus, the disclosure in Yopp is once again not concerned with 
estimating the grip factor indicating the gripped level of the tire on the road surface in 
the lateral direction of the vehicle tire, but rather is concerned with road adhesion or 
coefficient of friction in much the same way as Matsuno. 

The other document cited in the Official Action, U.S. Application Publication 
No. 2003/0028308 to Ishikawa et al. discloses an anti-skid brake control apparatus 
for a vehicle provided with left and right road friction coefficient estimating sections 
which calculate the left and right estimated road surface friction coefficients. These 
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estimated road surface friction coefficients are calculated based on a relationship 
between a pressure decrease control time during one cycle and a maximum wheel 
acceleration during the pressure decreased time. However, like the disclosures in 
Matsuno and Yopp, Ishikawa et al. does not disclose an apparatus that estimates the 
grip factor indicating the gripped level of the tire on the road surface in the lateral 
direction of the vehicle wheel as set forth in Claims 1 and 8, and does not disclose a 
steering control means which steers the wheel to provide a steering angle based on 
such grip factor estimated by a grip factor estimation means as recited in 
independent Claim 8. It is thus respectfully submitted that the combined disclosures 
contained in Matsuno, Yopp and Ishikawa et al. would not have directed one to do 
that which is defined in independent Claims 1 and 8 as the invention. Accordingly, 
withdrawal of the rejections of record and allowance of this application are earnestly 
solicited. 

Should any questions arise in connection with this application or should the 
Examiner believe that a telephone conference with the undersigned would be helpful 
in resolving any remaining issues pertaining to this application, the undersigned 
respectfully requests that he be contacted at the number indicated below. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 

Date: December 16, 2004 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



BV ; 

Matthew L Schneider 
Registration No. 32,814 
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Motive force 

The higher the engine torque M and over- 
all transmission ratio i between engine 
and driven wheels, and the lower the 
power-transmission losses, the higher is 
the motive force F available at the drive 
wheels. 



Mi 



n or 



7/ Drivetrain efficiency level 
(lengthways engine 17 - 0.88. ..0.92) 
(transverse engine 77- o;91...0.95) 

The motive force F is partially consumed 
in overcoming the running resistance Fw. 
Numerically higher transmission ratios 
are applied to deal with the substantially 
increased running resistance encoun- 
tered on gradients (gearbox). 

Vehicle and engine speeds 

n = 60-y_i 



2-n-r 
or with -u in km/h: 
1000- v i 



2 • it • 60 ■ r 



Acceleration 

The surplus force F - Fw accelerates 
the vehicle (or retards it when F*, ex- 
ceeds F). 

a = t 11 Oder a = ' • ,T 

k m • m V - km' m 



The rotational inertia coefficient k mt com- 
pensates for the apparent increase in 
vehicle mass due to the rotating masses 
(wheels, flywheel, crankshaft, etc.). 

Motive force and road speed on 
vehicles with automatic transmissions 
When the formula for motive force is 
applied to automatic transmissions with 
hydrodynamic torque converters or hydro- 
dynamic clutches, the engine torque M 
is replaced by the torque at the converter 
turbine, while the rotational speed of the 
converter turbine is used in the formula for 
engine speed. 



Hydrodynamic converter 

1 Power. 2 Turbine. 3 Pump. 4 Slator t 

5 One-way dutch. 6 Output. 
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The relationship between Mj u tt> = f (nj Uf t) 
and the engine curve Mu<a - f ("Mot) is 
determined using the performance curve 
of the hydrodynamic converter (p. 651). 



Determining the rotational inertia 
coefficient k m 



E1.4f 




V H Engine swept 

volume in / 
1 i 



10 

-0.3 i/r- 



-1 



Running diagram for car with automatic 
transmission and hydrodynamic trilok 
converter under full throttle 



^1 st gear ^fa 




4th gear 



50 100 150 200 250km /h 
Road speed 
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Adhesion to road surface 

Coefficients of static friction for pneumatic tires on various surfaces 



Vehicle 
speed 

km/h 


Tire 

condition 


Road condi 
Dry 


ion 
wet 
Water 
approx. 
0.2 mm 
deep 


Heavy 
rainfall 
Water 
approx. 
1 mm deep 


Puddles 

Water 

approx. 

2 mm deep 


Ice 

(Black 
ice) 






Coefficient of static friction ^ 






50 


new 


0.85 


0.65 


0.55 


0.5 


0.1 and 
less 


worn 1 ) 


1 


0.5 


0.4 


0.25 


90 


new 


0:8 


0.6 


0.3 


0.05 




worn 1 ) 


0.95 


0.2 


0.1 


0.05 


130 


new 


0.75 


0.55 


0.2 


0 






worn 1 ) 


0.9 


0.2 


0.1 


0 



The static coefficient of friction (between 
the tires and the road surface), also 
known as the tire-road-interface friction 
coefficient, is determined by the vehicle's 
speed, the condition of the tires and the 
state of the road surface (see table 
above). The ligures cited apply for con- 
crete and tarmacadam road surfaces in 
good condition. The coefficients of sliding 
friction (with wheel locked) are usually 
lower than the coefficients of static fric- 
tion. 

Special rubber compounds providing 
friction coefficients of up to 1.8 are em- 
ployed in racing tires. 

The maxima for acceleration and uphill 
driving, and for retardation and downhill 
braking, are provided on page 337. 

Aquaplaning 

Aquaplaning, has a particularly dramatic 
influence on the contact between tire and 
road surface. It describes the state in 
which a layer of water separates the tire 
and the (wet) road surface. The pheno- 
menon occurs when a wedge of water 
forces its way underneath the tire's 
contact patch and lifts it from the road. 



The tendency to aquaplane is dependent 
upon such factors as the depth of the 
water on the road surface, the vehicle's 
speed, the^read pattern, the tread wear, 
and the load pressing the tire against the 
road surface. Wide tires are particularly 
susceptible to aquaplaning. It is not pos- 
sible to steer or brake an aquaplaning 
vehicle, as its front wheels will have 
ceased to rotate, meaning that neither 
steering inputs nor braking forces can be 
transmitted to the road surface. 



') Worn to tread depth of 1.6 mm (minimum 
allowed under Paragraph 36.2, SlVZO). 



Aquapfanfng 

1 Tires, 2 Wedge of water, 3 Road surface. 




